Introduction {#sec1-1}
============

Falls are the most common cause of injury in old age\[[@ref1]-[@ref3]\]. In addition to fractures and other fall-related injuries, falls may lead to loss of balance confidence and social restrictions\[[@ref4]\]. The cause of falls is multifaceted, based on both personal, environmental, and activity-related factors. Problems with balance and gait are frequently documented risk factors for falls­\[[@ref5]\], but it is still unclear what measurements to use in different populations for the purpose of fall prediction. Consequently, the choice of tools is often guided by the ease of use for clinicians and older adults instead of by adequate measurement properties. Therefore, evaluating measurements tools, which can be of help in the decision to whom fall preventive measures should be recommended, still remains an important issue in fall prevention.

Well-functioning older adults living in the community are often overlooked regarding fall prevention, however, they are also prone to falls\[[@ref6],[@ref7]\]. Multifactorial interventions have been shown to decrease risk factors associated with falls, reduce admission to hospital and nursing homes, and preserve and improve physical function in community living older adults\[[@ref8]\]. However, in a meta-analysis, neither multifactorial nor multicomponent interventions presented strong evidence for improving fall-related outcomes\[[@ref9]\]. Interestingly, other meta-analyses have shown that exercise interventions, as a single intervention, reduce fall rates by more than 20%, up to 39% among community-living older adults\[[@ref10],[@ref11]\]. The use of assessment tools with good predictive validity could facilitate onset of interventions at an early stage.

The Timed Up and Go (TUG) test and the Short Physical Performance Battery (SPPB) are well established clinical tests of balance and functional performance in older adults. TUG is a timed movement sequence including rising, walking and turning as a measure of basic mobility\[[@ref12]\], and the SPPB is a summary score of balance, walking speed and chair stand-test\[[@ref13]\]. Both tests appear frequently in the literature, have been evaluated, and are easy to use. However, literature reviews and meta-analyses have not been able to draw strong conclusions regarding the predictive validity of TUG in community living older adults\[[@ref14]-[@ref16]\]. There are some indications that the test might be more suitable in less healthy and less well-functioning older adults\[[@ref15]\]. There is an ongoing discussion regarding recommendations of what cut-off scores to use when differentiating a high- risk from a low-risk of falling in community-living older adults\[[@ref15],[@ref16]\]. The SPPB has excellent psychometric properties for test-retest reliability and concurrent validity regarding ADL disability, mobility, muscle strength and quality of life as well as for predictive validity regarding ADL disability, walking difficulties and mortality in community-dwelling older adults\[[@ref17]\]. But few studies have studied the SPPB's predictive validity of falls\[[@ref17],[@ref18]\]. So far, studies using a prospective research design indicate that the SPPB does not predict a future fall\[[@ref19],[@ref20]\]. Despite measuring frequently mentioned mobility risk-factors for falls among older adults, the predictive abilities of these tools thus remain inconclusive.

The aim of this study was, therefore, to evaluate the predictive validity of the Timed Up and Go (TUG) test and the Short Physical Performance Battery (SPPB) among independent older adults (aged 75 years and over) living in the community.

Materials and methods {#sec1-2}
=====================

The study had a prospective study design including a baseline assessment and a 1-year follow-up of falls. The participants comprised a cohort of 202 individuals selected from a previous study\[[@ref21]\]. They were recruited through senior citizens organisations, advertisement in the local press, and through primary care. Inclusion criteria in the present study were: age (75 years or older), community living, a score ≥24 on the Mini Mental State Examination test (MMSE)\[[@ref22]\], a score of 7 or higher on the SPPB\[[@ref13]\], a time below 15 seconds in the TUG-test\[[@ref12]\], and a score of 19 or 20 on the Barthel Index of Activities of Daily Living (p-ADL)\[[@ref23]\]. Twenty is the maximum possible score. In this study, a score of 19 or 20 was regarded as independent in p-ADL. The study was approved by the Regional Ethics Committee in Umea, (04-071M) and all participants provided informed written consent for participation.

The baseline assessments included the Timed Up and Go test and the Short Physical Performance Battery. In the TUG test, the participants were asked to stand up from a chair, walk and cross a 3 meter mark on the floor with normal pace, then turn, walk back to the chair and sit down\[[@ref12]\]. The timing was performed from the moment the participants back left the back of the chair to their buttocks touched the seating again\[[@ref24]\]. The participants were allowed to practice once before two timed trials were performed. The second timed trial was analysed in this study.

The Short Physical Performance Battery (SPPB)\[[@ref13]\] is comprised of three parts: gait speed, standing balance and lower limb muscle strength. Each item is timed and transferred to a score from zero to four and can provide a total score of 12 points. Gait speed was timed as the participant walked three meters with normal pace; the faster of two attempts were registered. The standing balance was assessed in three positions: side-by-side, semi-tandem and tandem stance. The positions were to be maintained for 10 seconds if possible. Muscle strength in the lower limbs was evaluated through a timed sit-to-stand action, performed repeatedly five times, arms held over the chest.

Other assessments at baseline were performed for descriptive purposes. The MMSE\[[@ref22]\] was used for screening of cognitive difficulties and the Barthel Index\[[@ref23]\] for dependence in activities of daily living. Visual acuity was assessed by reading a chart of letters from a distance of three meters\[[@ref25]\]. Frändin-Grimby activity scale\[[@ref26]\] was used to assess self-reported level of physical activity. The scale ranges from 0-6 and includes household activities. A score of 4 means doing either moderate physical activity 1-2 hours per week (such as jogging, swimming, gymnastics, harder gardening, cooking at home), or light physical activity more than 4 hours per week (domestic work, light as well as heavy). Use of assistive devices, medical diagnoses, perceived health, and prescribed drugs were also collected.

All participants were followed up regarding falls from their baseline assessments for one year. They maintained a journal to record daily whether they had fallen which they sent to the research team on a monthly basis. A fall was defined as "an event in which the participant unintentionally came to rest on the floor or ground, regardless of the cause and regardless of the consequences of the fall". The participants were phoned for a structured interview when a fall was reported or as a reminder when the journal had not been received at the expected time.

Analyses {#sec2-1}
--------

For descriptive purposes we used Spearman's Rank Order Correlation to assess relation between frequency of falls over one year and time performing TUG, and score of SPPB. To assess the predictive accuracy, Receiver Operating Characteristics (ROC) Curves where constructed for TUG and SPPB regarding participants with at least one fall compared to no fall, and with recurrent falls (at least two falls) compared to no or a single fall. Areas Under Curve (AUC) were also calculated. An AUC value of 0.5 or lower is considered no better than chance to predict outcome. A value of acceptable discrimination is between 0.7 and 0.8, and higher is seen as excellent or outstanding\[[@ref27]\]. All analyses were performed in the Statistical Package for the Social Sciences (SPSS) version 25.0.

Results {#sec1-3}
=======

Baseline characteristics of the participants are presented in \[[Table 1a](#T1){ref-type="table"}-[b](#T1){ref-type="table"}\]. Participants' mean age was 79 years, 71% were women, and 1.5% received home help service. They had a TUG performance of mean 9.5±1.7, and scored an SPPB mean 10.7±1.4. 185 of the 202 participants achieved a full score of the Barthel Index. The remaining 17 participants did not achieve a full score because of either incontinence (n=15) or that they needed help when ascending and/or descending stairs (n=1) or bathing (n=1). The median activity level according to Frändin-Grimby activity scale was 4 among both men and women. Out of the 202 participants, 95 participants (47.0%) fell at least once and 50 (24.8%) fell recurrently.

###### 

Baseline descriptive characteristics of the 202 participants.

                                                     Men (n=59)   Women (n=143)   All (n=202)
  -------------------------------------------------- ------------ --------------- -------------
  **Age, years, mean ± SD**                          79.2±4.0     79.2±3.2        79.2±3.5
  **Educational level, n (%)**                                                    
   \<6 years                                         17(28.8)     43(30.1)        60(29.7)
   7-9 years                                         16(27.1)     44(30.8)        60(29.7)
   ≥10 years                                         25(42.4)     55(38.5)        80(39.6)
  **Home help service, n (%)**                                                    
   Yes                                               1(1.7)       2(1.4)          3(1.5)
   No                                                58(98.3)     141(98.6)       199(98.5)
  **Physical activity level**                                                     
   Frändin-Grimby Scale, median (Q1-Q3)              4.0(3-4)     4.0(3.75-4.0)   4.0(3-4)
  **Measures of function**                                                        
   Mini Mental State Examination (MMSE), mean ± SD   27.7±1.7     27.8±1.8        27.8±1.8
   Visual acuity with glasses, n (%)                                              
    *Excellent*/ good                                43(72.9)     103(72.0)       146(72.3)
    *Fair*/poor                                      16(27.1)     38(26.6)        54(26.7)
  Barthel Index, mean ± SD                           20.0±0.2     19.9±0.3        19.9±0.3
  Timed Up and Go (TUG), seconds                     9.3±1.6      9.5±1.8         9.5±1.7
  Short Physical Performance Battery (SPPB), score   10.8±1.4     10.6±1.4        10.7±1.4
  **History of falls in previous year, n (%)**                                    
   No falls                                          23(39.0)     72(50.3)        95(47.0)
   One fall                                          23(39.0)     49(34.3)        72(35.6)
   ≥2 falls                                          13(22.0)     22(15.4)        35(17.3)
  **Medical Diagnosis, n (%)**                                                    
  High blood pressure                                20(33.9)     77(53.8)        97(48.0)
  Heart disease                                      20(33.9)     22(15.4)        42(20.8)
  Pulmonary disease                                  4(6.8)       14(9.8)         18(8.9)
  Stroke                                             11(18.6)     12(8.4)         23(11.4)
  Transient Ischemic Attack                          2(3.4)       7(4.9)          9(4.5)
  Rheumatic disease                                  3(5.1)       9(6.3)          12(5.9)
  Number of prescribed medications, mean             3.2±2.5      3.3±2.4         3.3±2.5
  Body Mass Index (BMI), mean ± SD                   25.5±2.8     26.7±4.0        26.3±3.7
  **Self-rated health, n (%)**                                                    
   Excellent                                         1(1.7)       7(4.9)          8(4.0)
   Very good                                         28(47.5)     31(21.7)        59(29.2)
   Good                                              24(40.7)     80(55.9)        104(51.5)
   Fair                                              6(10.2)      24(16.8)        30(14.9)
   Poor                                              0            1(0.7)          1(0.5)

No relationship could be found between number of falls per person (0-5 or more) during one year and TUG, or SPPB (r=0.055, p=0.44 and r=0.076, p=0.28, respectively), ([Figure 1a](#F1){ref-type="fig"} and [1b](#F1){ref-type="fig"}).

![Boxplots representing the distribution of number of falls per person during one year according to test score in **a.** the Times Up and Go test and **b.** Short Physical Performance Battery.](JFSF-5-024-g001){#F1}

Neither TUG nor SPPB were associated with future risk of falling, (Figures [2a](#F2){ref-type="fig"}-[b](#F2){ref-type="fig"} and [3a](#F3){ref-type="fig"}-[b](#F3){ref-type="fig"}). AUCs calculated for TUG were 0.5 (95% CI: 0.5-0.6) for those who fell at least once and 0.5 (95% CI: 0.5-0.6) for recurrent fallers. Corresponding figures for SPPB were 0.5 (95% CI: 0.5-0.6) and 0.5 (95% CI: 0.5-0.6), respectively. AUCs for men and women showed similar values.

![ROC-curves illustrating the predictive validity of the Timed Up and Go test for a. one or more falls compared to no falls and b. two or more falls compared to no or a single fall.](JFSF-5-024-g002){#F2}

![ROC-curves illustrating the predictive properties of Short Physical Performance Battery for **a.** one or more falls compared to no falls and **b.** two or more falls compared to no or a single fall.](JFSF-5-024-g003){#F3}

Discussion {#sec1-4}
==========

The participants in this study had a good mental and physical status. Nevertheless, almost half of them fell during the one-year follow-up period. Neither the Timed Up and Go test nor the Short Physical Performance Battery were able to predict falls in independent older adults living in the community. Our results are in accordance with some previous studies of independently living older adults\[[@ref15],[@ref20],[@ref28]\].

Our results contradict previous suggestions that TUG below 13.5 seconds indicates a low risk of falling in community-living older adults\[[@ref29]\]. On one hand, this contradiction might be due to our exclusion of frail older adults with poor function. On the other hand, and in line with our results, a meta-analysis of both retrospective and prospective studies in community-dwelling older adults found that the cut-off score of 13.5 did not predict falls\[[@ref16]\]. Suggestions of cut-off time points for TUG to discriminate between fallers and non-fallers in community-living older adults range between 8.1 and 16 seconds, walking at preferred speed\[[@ref16],[@ref30]\]. This large range of cut-offs points to the intricacy of making this distinction in such a heterogeneous group as community-living older adults constitutes. To our surprise, evaluations of SPPB in longitudinal prospective studies are scarce. A review on the prognostic validity of risk factors for falling\[[@ref31]\] showed that the most consistent predictors of future falling were abnormalities of gait or balance. Given that the TUG and SPPB assess both balance and gait, the poor predictive validity was unexpected to us.

There are limitations to the generalisability of the results in this study. This study was a prospective follow-up of falls in which the falls were self-reported. There is always a challenge to know whether all falls were accurately reported. However, the participants were presented with a definition of a fall at the start of the study; they had fall-diaries with a printed definition of a fall and monthly reminders. The fall rate in this study was high which support that there was not an underreporting of falls.

The older adults included in this study might not be representative of the population of older community-living older adults as we excluded those who were lower functioning and not independent, all were aged 75 or over and only three received any home care service. However, as older adults live longer in their own homes, there is a need to clearly define which assessments tools that are appropriate to use in both less- and more well-functioning groups of older adults.

Conclusion {#sec1-5}
==========

This study does not support a recommendation to use the Timed Up and Go test and the Short Physical Performance Battery as tools for the identification of fall-prone persons among older independent adults living in the community. These results reinforce the need for further research into appropriate tools for identifying fall-prone older adults in this group.
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